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NATIONALAl%tSORYCOMMITTEEFORAERONAUTICS .-

BXARINGSTRE2.WTEOFSOMESAND-CAST

ByR.L.Moore

INTRODUCTION

MMxmsm ALLOYS

Thetestsdescribedinthisreyortwereundertakentodeterminethe
bearf~strengthcharacteristicsofsonsmagnesium-alloysandcastin@
andtherelationbetweentheseandthemorecommonlydeterminedtensile
properties.Althoughbearingstrengthsareprobablynota veryhrpor-
tantfactorinthedesignofmostmagnesium-alloycastings,somefew
datarelatingtothisyroyertyareneededforcorrelationwiththein-
formationavailableonmagnesium-alloysheet(reference1). Reference2
Indicatesthatt@ebearingstrengthofmostmagneeiumalloys,both
wroughtandcast, maybetakenas1.6timesthetensilestrength,pro-
videdtheedgedistanminthedirectionofstressingisnotlessthan+ twicethediameterof thehole.“Sincethisapproximaterub wasbased
onbearingtestsofmagnesium-alloysheetonly,SOB investigationof

I itsapplicabilitytosandcastingsisneeded.

Thethreesend-castmagnesiumalloysofprincipalinterestfrm”the
standpointofaircraftdesignareAM403,AMMO,andAM265.Bearing
ultimatestrengthvaluesaregiveninreference3 forAM265only, and
thesecorrespondtostressesequalapproximatelyto1.4timestheten.
silestren@h,Noreferenceisma~ tobearingyieldstmemgthsorof
theeffectofedgedistanceuponbearingpropertiesasin$hecaseof
thewroughtandcastaluminumalloys.

—
Thetestsdescribedinthisreportwereundertakentodetermine-the

bearingpropertiesofthesethreecastmagnesiumalloysandtodetezmine
therelatimbetweentheseandthetensilepropertiesofthismaterial.
Dataoncompressiveyieldstre~thsandultimatestrengthsincorapres..
slonandsheararealsoincluded.

MA~

. Thematerialforthesetestswasobtainedintheformof3/8-by
2~- by 12-inchcastslabsandstandardl/2-inch-dimetercastixhsile
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te~t bare.Table I giveethechemicalcomyQaithnof
indicates theheattreatmentprocedurestowhichthey

RAW.m No.IJ.36

thesesamplesand
weresub.lectcd,

Allthebearingtestslabswere radiographer.and
soundad freefromfluxandotherinclusions.

SPECIMENSAND.PRocmYuRE

Thebearingsyecimensweremadeby firstsquaringuptheed~aeor
thecastslabsandthenmachiningtheor~ginal3/8.inchthi.ckmuedown
tol/hOr 1/8inch.Materialwas,rerpovedfrombothface~ofth~cae%-
illga.

Figure 1 showsthe.meuinerin”whlohthes~cimenswczwloadedin
bearl~onsteelpins(heat-treateddriUrod),insertedinclose-
fitti~drilledandreamedholesnearoneendofthespccinmns,!Zhe
l/~.inch-thickspecimenswereloadeaona l/2-inch.diamet&rpin;wktircas
thel/&inch-thickspecimenswereloadedona l/~Linch-d~s@terpin.
STecimenwidthswerenominally2&hchei3forboththiclsnesce~.&lge
distances,measuredinthedirectionofstressin&fromthecenteroftlm
pinholotothe@dgeofthespecimen,rangedfrom1 to4 timeEtlx.d.lam-
eterforthel/2-inchpinand2.5to~}time~thediamterforthe
l/k-fnchpin.AllbearingtestsweremadeIntr~pl.icate.

Holedeformations,fromwhichbearingyield-strengthvaluoewere
determined,wereobtainedbymeasuringtherelativemovementofthepin
andthecastingsontheundersideofthepinbymeansofa fikrmi-
crometermicroscope,readingdirectlyto0,01ml.llimeterandbyeQMma-
tionto0.002milMmeter.Theun@r sideofthepinproJectMgfromthe
specimenonthemicroscopesidewasf’latto~dslightlytoyrovidoa
shoulderintheplaneofthecasti~onwhichoneofthereference
pointsfor themicroscopereadingscouldbelocated,TM e~e ofthe
holeprovidedthereferencepointonthecasti~.

Tensiletestsweremadeinduplicateonthestandardl/2-inch-
diametercast-testbarssubmittedwitheach“mltofbearingtestslabs,
aswellm uponl/Linch-thicksheet.t~e ~pecimens~chinedfromthe
slabs. Compressionandsheartestsweremah on 3/8-inch-dlemeterspec-
imensmachinedfromthel/2-inch-diametertensiontewtbars.

RESULTSMD DISCUSSION

&

TableIIsummarizetheresultsof“s2.1thetension,compression,
anduheartests.Withtheexceptionofthetensileyieldstren@hsfor
alloyAM403andonevalueofultimatestrengthforthissamealloy,the
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tensilepropertiesobtainedfromthestandardl/2.itich-diameterteatbare
werewellabovethespecifie~minimmngivenintah~es6-5and6-6of
ANC-5(reference3). Thetensileyielaandultimatestrengthsobtained
fromthespecinmnsmachinedfromthebe~ingtest slabsalsoexceeded
syecifledminimumvalues(reference4)0

Table1SshowsratiosofthestrengthsobtainedfromthotwotJPe3
oftensilespecimenused..ExceptinthecaseofcammeltofalloyAMQ3,
theaversgetensileultl~testrengthsobtainedfromthecastslabswero
lessthanobtainedfromthel/2-inch-d.iamdertestbars,theUi?ferencea
rangingfrom2 to14percent.Theaveragetensileyieldstrengths,on
theotherhand,%jrehigherinfourM thesevencs,seeconntdcredfor
thesyecimensmnchinedfromtheslabs,Theelongaticmvaluesobtained
fromtheslabswere,ingeneral,lowerthanobtainedfromthe3/2-inch.
diametertestbarsaltho~ theseMfferenceswerenotoutoflinetith

.

thosepermittedbyspecifications(reference4).

Thetensileandcompressiveyieldstrengths,whichareassumedto
beequalforcastmagnesiumalloys,wereingenerallygood.agreement.
Exceptinthecaseofaloy AM4.03,theMfferences&l.dnotexceed10
percent.Boththecompressiveyieldendtheultimateshearstrengths
were,withoneexception(AM403),abavethetypioalvaluesfortheal-
10FSgiveninreference2.

Theulthnatecompressivestrengthsgivenintable11wereobtained
inflat-endtestsof3/8-tnch.diemeterspecimenshavinga slenderness
ratioof16(lengthtividedbyradiusofgyration).Valuesofthis
proyertyarenot generallyspecifiedbecauseoftheinfluenceofspeci-
menproportionsuponstrengthsobtained.Itshouldbepointedout,
however,thatthe”stren@jhsgivenareappreciablyabove,inmostcaseH,”-
the“block”conqmessivestressesspecifiedintables6-5and6-6of
MC-5 forspecimenshavingslendernessratiosofapproximately12,”

.-
TableIITandfigures2 to8 givetheresultsofthebearingteste.

Figure9 showsiiypica3.bearingfailures.Ratiosofaveragebeari~to
tensileproperties,thelatterobtainetlfromtensilespecimensmachined
fromthecastslabs,aresummarizedintableIV,

Asinpreviousinvestigationsofbearingstrengths,theob$ectin
comyaringbearingandtensilepropertieswastodeterminewhetherornot
a satisfactorybasiscouldbeestablishedforselectingaUowablebear-
ingvaluesfromspecifieddesi$nvalues intension,there~eliminathg
theneedforroutinebearingtests.Thevalueofsucha procedurede-
yendeupontheuniformityoftheseratiosfora wider-e ofalloysor
products.AU ofthehighstrengthaluminumalloysintheformofsheet
(references5 and6),forexemple,haveexhibited.apyroximatel.ytheaamo
ratiosofbearingtotensilepwyertiesforanygivene~e distance.
Theseratiosforsheet,however,em defznlteJyqotapplicabletolarge

—
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exirusj.ormofsomeofthe saw alloys, andforthutieamnItlia~boon
necessaIYtoconsiderlargeextrtmionsasspecialcases.h prwfous
testsofmagnesium-aUoysheet(reference1)somedistinctionwasnade
bobweoabearingtotensiloratiosfordifferent.teugmrsbut,in&numxd.,
a s@le ratiocouldbegiventocoveradequatelyseveralallo~sand
tem~ersfora givenedgedistance.

Wgwe 10 indicatesmoreclearlythantableIVthetrendofthe
ratiosofbearingtoten~ilepropertiedobtainedin these t-catsofcaat-
ings. Thegeneralshapeofthedmgramsshownismre repremntatlm al?
the behaviorofwroughtaluminumthanwroughtnmgnesium,al.bhou@MU
spreadbwtwoonratiosofbeari~ultfmatetotensileultlmntofjtme~tbfl
forthecastlngaisgreaterthanthatobservedforanyofUmm Oficr
materials.Figure10alsoehow&tieratiosofIJea.r=toten~il~prop-
ertiespreviouslyob’tainodfm magnesium-alloygheet.A nw”borof’
interestingobsezmatlons~ bemade:

1,TheratiosofbearingyieldtotensQeyieldMxrm@hsforall
thecastings,wititheexceptionof’alloyAM403,weroapproximately
equalformy oneedgedj.stancefromlDto21)andthevarttitlcm?mtween
theselimitswaoaboutMnear. Foredgedistancesgreatirthan2Dthe
yieldratiostendedtolevelofftoa mQrecomta.utvclue, InthoCC8C
ofthemagn,esiw.alloysheet,-previouslytested,tlz~correspondingra-
tiosremainedfairlyconstantforedgedls@ncesran@ngfrom1.2 to
4D.

2, ‘I!heratios of.bearingyield~trengthtob“nsileyieldwtrcm@h
forthecaetingswereappreciablyhigherthanhavebe.onObservedfor
sheet,ofeitheraluminumormagrmslumtestedattheseame~-edietances.
ThehighratiosforalloyAM~~ ascomparedtotheothercastlngBnro
notconsideredparticularlysignificantbecauseofthelowtensllcyield
strengthofthismaterial.Correspondingratiosfor the lwwyield
strengthaluminumalloysarealsooutoffinewiththevaluesforthe
Iligherstrengtha~oys.

3.lleratiosofbearingultimatestre_g@htote~lleIQtimatc
Btrengthforthecastingsshowa muchgreater.sPrGadfarq onoedge
distancethanhasbeenobservedforeitherthewroughtalurrrl.rnzmor
-Uim alloys, ItwiX1.benoted,however,thatthemeanofths
valuesobsenedforthemagnesiumcastingsisnot@eatlydkfforantfrom
thatobtainedformagnesium-alloyEheet.

4. Pin diamter seemedto havea significant effectuponboth lx@r-
ing yieldandultimtestrengths,Foraned& dlsta.nceof--l, D the?bearingvaluesobservedfor,the1/4.-inch-diameterpinina 2ye.inch.wide
specimenwerelessthanobtainedforthe1/2.inch-diameterpinina
specimenofthesamewidth.For edge Ustanco 0S 2D or grmbcl’, how-
ever,thebearingvaluesobtainedforthel/&.inch.dMmeterpinwwra
higher.

—
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Oftheforegoingobsemations,thewib spreadinratiosofbearing
ultinmtetotensileultimatestrengthforcastin&sha.vi~approximately
thesametensilestrengthsan~thehighratiosofbear- yield.toten.
sileyieldstrengthsareofprincipalinterest.lilthou~anexplanation
ofthisbehaviorIsnota~parent,theresultswouldseentoindicate
thattheexpressionofbearingstre~thcharacteristicsintermsoften.
silepropertiesalone,whileadequateforthe.purposesintendedhero,
probablydoesnotmake~roperallowanceforallthefactorsinvolvedina
bearingtest.

Itapyearsfromfigure10thata fairlyrepresentativesetofra-
tiosofbearingyieldtote~slieyield&ength canbegi.venforallthe
heat-treatedcastingalloystested.Nospeci4oonsiderati.onneedbe
giventothehighratiosobtainedinthetestsofalloyAM403,itisbe-
lievedjinviewofthelowyieldstrengthofthismaterial.Thoseyra.
posedratiosareasfollows:

EdgeDistance
Ratio ID 1,5D 2Dorgreater”

Bearingyield
Tensileyield 1.5 2 2.5

.

Itshouldbeemphasizedthatthecorrespondingratiosforexe distinces
ofl.~ and2Dforhighstrengthaluminum-alloysheetareonly1.4and
1.6,respectively;whereasratiosformagnesium-~oysheetfore~e d3.s-
tancesof1.9Dorgreaterrangefromonly1.3to1.5.Thesedifferences
aresufficientlygreattowarrantsomeconsiderationoftheiryossible
significwce. —

-.
The2-percentoffsetyieldcriterionwhichhasbeenusedinallre-

centbearingtestsmadeatthisLaboratoryis,ofcourse,enambitr~
one.Anexaminationofa numberofbeeringstress-holeelongation
curvesforthesecastings,asweU asforthemagnesium-andaluminum-
alloysheetpreviouslytested,hasindicated,however,aboutthesame
yield.characteristics.Ratiosofthestressesatfi.retyielding(pro-
portional-t) totheso-calledbearingyi.eldvalues(2-p3rcent set)
rangefromaboutc).55to0.65forallthesematerials.Theratiosfor
thecastings,infact,wereaboutinte~dia.tebetweenthemforthe
magnesium.andaluminum-alloysheettested.Themethodofselectlng
bearingyieldstrengtisappearsasapplicable,therafore,tothosecast-
ingeastotheseothermaterials.

Theprinc$paldifferencebe-en theresultsofthesetestsofcast-
ingsandpreviousbets ofwroughtalloysisthattheratiosofbearing
yieldtobearingultimates-&e~~ areap-preciablyhigherforthe

.. .—



oastinge,Inotherwinds, themargin ofstrengthbeyondtheyieldvdue
forthecastingsisrelativelysmall.Withtheexceptionofall~AM403,
thebearingyieldvaluesintable111rangsfrom65to92percmt of tho
ultimatebearingvalues,withthecorresyondi.~avor~erattosvaryi~
from85yercentforIDto73percentfor4D. Itisapparentfromthul~o
datathattitimatibe~”ingstrengfjhsratherthanyieldvalueswill
govezngenerallyinthedesignofcasti~”softhistypeforaircraft.

ItisobviousJynotpossibletoselectfrcmfigum10a Eoto.fxa-
tfosofbearingultj.~tito&nsiletit~te stre~thsthatJ.sas
representativeofthematerialstested as WS possibleforyield
Btrengths.Foranedgedistanceofl.~for example,theulti,mntc
strengthratiosrangefrom0.90“b1.80;whereasinthetosbsof‘the
qesi--~loy sheetthecorrespondingratiosr-e fromonly1.3to
1.6.Foranedgedistanceofm approximatelythesamerelativobehav-
iorwasotwervod.forthecastings.Thehighestratios,itWi.i.l-bonote%
wereobtainedfortheweakestalloy,AM403.TheratiosforalloyAM@
wereconsistentlyhigherthemforAM265,withtheratiouforthoM tem-
perexceedingthatfortheT4temperinbothcaso~.

A comparisonoftheratiosofbearingultimatetotensjleultimate
str@@hsobtainedinthesetestswiththevaluoof1.6givenInrGi&r-
ence2 for ewe distancesof 2D or greater ehowflonlytworatios
signif’icant~ybelowthepubliehedvalue. Thesoexceptionsam bothfor
alloyAM265.-T4..Inviewofthesimilarityofthetensileproperties
specifiedforthisalloyandAM260-T4,thoapparentwGaknosEIofAM?@ ia
thesetestsmigktiwel.?.bedisre~arded,itisbelieved.,untilmoree~i.
drmceofitsvariance#AththepublishGdbcxu=i~totxmsi,leratioisob-
tained. Itshouldbeemphasizedthattheavorsgeofalltheulti.nato
strengthrattos@.venintableS’Vfortheheat-treatedcastingsi~1.63
foranGQe distanceof2D.

Foredgedistancesof1.5D,theratiosofbearingtoton~jleu3.ti-
matestrengthsforthel/f&inch.diameterpintestswerehniorthan
observedforthel/2-inch-diameterpin. Theconsider~~tiontobegiven
thisresult is questionable,however,inviewofthefactthattherdxa-
tkve-positionoftheratiosforthetestsatm wasJuetrovcrsed,For
the~r~sent,atleast,anaverageoftheratiosgivenfortheh~at-
treatedoastlngsatl.~ shouldbereasonablysatisfactory.ThcJfollow-
ingratiosareproposedforthecastingstisted:

IBearingultiumte‘Tensileultiumte I 0.8 I 1,2 I 1.6 I

.
4

,
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Theseratiosareadmittedlynota~conservativefromthestandpointof
thetestresults,exceptforalloyAM403,asthoseproposedforyield
strengths. Inviewoftherelativelysmallrangeoftensileproperties
coveredhytheentiregroupofheat-treatedcasti~stested.,theuseof
smaveragesetofratioso??bearingultimatetotensileul~tit%
strengtlassuchabproposedisbelievedjustified.

Testsata minimumedgedistanceoflDratherthanthecusto-
.

l.~ wereincludedasa desirablefeatureofa preliminaryinvoGtigation
oftheboari~propertiesofmagnesiumcastings.Correspondinglysmall
edgedistanceswereincludedinthefirsttearingtestsofwrought-alumi+
numalloysuntila reasonabletasisforestimatingtheeffectofedge
distancewasestablished.Intheaesignofcastingsitisd.oultfulif
edgedistances
beconsibred.

smalierthan2DInthe‘Mrectionof–stressingwilloften

CONCLUSIONS

Thefollowingconclusions~e believedtobewarrantedbythere-
sultsofthetestsofthe-d-castmagnesiumalloysdescribedinthis
re~ort.Threealloys,AM403,AM260,andAM265,thelattertwoinboth
theheat-treated(T4)andheat-treatedandaged(T6)tempers,havebeen
included:

1.The3/8-&y12~k.by12-inchespeciallycastbearingtestslabs
andthecorrespondingstandardl/2-inch-diametercasttensiletestbars
exhibitedtensileyroyertleswhich,withseveralminorexceptions,met
specifiedreqtiramentsforthesealloysasgiveninreferences 3 and4
andweresatisfactory,therefore,foraninvestigationofbearing
strengths.

2.Theratiosofbearingyieldtotensileyielddmxmgthobtained
forall,thecastingswre apyreciab~higherthanobtainedInprevioue
testsofwrought-alunlin~.or_esiw alloys.Thefollowingratios
areproposedforthecastingstested,neglectingthehighvaluesoh--
servedfortlmunheat.treatedalloyAM403.

Edgedisteme i

Ratio ID l.m 2Dorgreater
. t

Bearingyield
Tensileyield 1.5 2 2.3R
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3.me ratiosofbearingultimateto tensileultimate.stron@hob-
tainedforthecastingsshowmuohmorevariationformaterialshav@
approximatelytheseamtensi~e propertiesthanhasbem obsenodInTX’S-
vi.ouste~ts ofeitherwroughtaluminumorm.gneeium.Thefollowing
averageratios are proposed,however,aebei~ generallyagplica~loh
the~ematerialsneglecting,asbefore,theratiosforAMhOj:

I Edgedistamco
Ratio U3

Beari~ultimate
Tensileultimate 0.8 ‘ 1: v’

4.Theratiosofbearingyieldtobearingult~te stren@hsob-
tainedfortheheat-treatedcastingswereconsitirablyhigherthan
observedinpreviousbearingtestsofwroughtmtorie.ls.Ultimto?mnr-
ingvalues,therefore,willbeofprizmipalinterestinthedcslgnof
mostmagnesium-alloycastings.

AluminumResearchLaboratories,
AluminumCompanyofAmerica,

NowKensington,Pa.,March26,1946.
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NACATNNO.1136 Figs.2,3
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